Despite very low rates of vertical transmission of HIV in the UK overall, rates are higher among women starting antenatal antiretroviral therapy (ART) late. We investigated the timing of key elements of the care of HIV-positive pregnant women [antenatal care booking, HIV laboratory assessment (CD4 count and HIV viral load) and antenatal ART initiation], to assess whether clinical practice is changing in line with recommendations, and to investigate factors associated with delayed care.
Introduction
Improvements in antiretroviral therapy (ART) and obstetric care have contributed to the lowest ever rate of mother-to-child transmission of HIV (MTCT) of 0.5% in the UK and Ireland in recent years [1] . However, MTCT rates are higher in some groups of women, such as those starting ART late in pregnancy [1] . There are currently around 1200À1300 pregnancies to diagnosed HIV-positive women in the UK annually [2] ; optimizing their care is important not only to prevent transmission of HIV to their children, but also to ensure good maternal health, and the best possible pregnancy outcome.
The antenatal 'booking' appointment is generally the first contact pregnant women have with maternity services, and provides an opportunity for the identification of maternal and familial risk factors, the offer of timely antenatal screening, and an opportunity to communicate important information to women [3] . Early booking is particularly important for women living with HIV, whether diagnosed before or during the pregnancy, to ensure that they receive the HIV-specific care they require in a timely manner, including assessment of clinical and virological status, and initiation of ART for those not already on treatment.
Current international and UK guidelines recommend earlier initiation of antenatal ART than previously [4, 5] . Identifying population groups at increased risk of late antenatal booking and ART initiation will help target efforts towards ensuring equity in access to and uptake of care. Our objective was to investigate the timing of key elements of care of HIV-positive pregnant women in the UK [antenatal care booking, HIV laboratory assessment (CD4 count and HIV viral load) and antenatal ART initiation], to assess whether clinical practice has changed in line with the recommendations, and to investigate factors associated with delayed antenatal booking and initiation of antenatal ART.
Methods

Data source
The National Study of HIV in Pregnancy and Childhood (NSHPC) is a well-established, comprehensive, active surveillance study covering the UK and Ireland. Demographic, clinical and obstetric information is collected using standardized reporting forms [6] .
Definitions and classifications
Data on UK pregnancies only, resulting in a live or still birth delivered from 1 January 2009 onwards, and reported by the end of June 2014, were utilized. Some degree of reporting delay is to be expected for pregnancies occurring in more recent years. Pregnancies without information on the timing of HIV diagnosis were excluded (n = 10). Two calendar periods, 2009-2011 and 2012-2014 , were compared to examine changes over time; the earlier period was covered by the 2008 British guidelines recommending antenatal ART initiation by 28 gestational weeks [7] , and the second by 2012 guidelines recommending ART initiation by 24 weeks [4] . Both guidelines recommended earlier initiation in women requiring treatment for their own health, and those with high viral loads. We defined late antenatal care booking as booking at ≥ 13 completed gestational weeks, in line with general pregnancy guidelines [3, 8] . Analyses were stratified by the timing of HIV diagnosis: pregnancies in previously diagnosed women (further stratified according to ART status at conception where appropriate) and those in women diagnosed after conception ('newly diagnosed').
Assessment of the timing of the earliest laboratory test was restricted to newly diagnosed women and based on reported date of earliest CD4 count or viral load test (restricted to those taken between 14 days prior to conception and 7 days after delivery). Baseline (pre-ART) measurements were further restricted to those prior to or up to 7 days after ART initiation (≤ 7 days after delivery in women receiving no antenatal ART). Viral load measurements were grouped reflecting cut-offs for recommended timing of ART initiation in women not requiring treatment for their own health [4] . Analyses of timing of antenatal ART initiation were, by definition, restricted to pregnancies not conceived on treatment.
Statistical methods
Data were analysed using STATA 12.1 (Stata Corp., College Station, TX). Proportions were calculated among those with known information on the variable of interest and compared using the v 2 test or v 2 test for trend.
Medians are presented with interquartile range (IQR) and were compared using the WilcoxonÀMannÀWhitney test. Logistic regression models were fitted to identify factors associated with late antenatal care booking. KaplanMeier analysis was used to describe time to ART initiation graphically, and factors associated with later antenatal ART initiation were analysed using Cox proportional hazards modelling. The proportional hazards assumption was assessed by examining log-log plots and the model's Schoenfeld residuals [9] . The TherneauÀGrambsch test was significant both globally and locally for time period, CD4 count and viral load in both strata; this is not surprising given the relatively large sample sizes. There was evidence of nonparallelism and crossings in the log-log plots; however, these were mainly in the lower and upper tails of the distribution of time to ART initiation (and thus related to relatively small numbers of women), while the central part of this distribution showed little evidence of departures from the assumption. Variables with overall significance at the P < 0.1 level in univariable analyses were included in multivariable models, with other variables only included if they improved the fit (assessed using the Wald test). Time period was included a priori. Some women with a prior diagnosis contributed more than one pregnancy to these analyses, and this clustering was accounted for by using robust standard errors [10] .
Ethical approval
The National Study of HIV in Pregnancy and Childhood has London Multi-Centre Research Ethics Committee approval (MREC/04/2/009).
Results
Study population
By the end of June 2014, 5693 eligible pregnancies had been reported (5641 live and 52 still births) in 4962 women (3506 deliveries in 2009-2011 and 2187 in 2012-2014) . Overall, 2886 (50.7%) pregnancies were among women conceiving on ART, 1601 (28.1%) among diagnosed women not on ART at conception and 1166 (20.5%) among women newly diagnosed during the current pregnancy; the remaining 40 pregnancies were to women diagnosed before conception, but missing information on ART status at conception ( Table 1 ). The proportion of pregnancies in women with previously diagnosed HIV increased from 76.6% in 2009-2011 to 84.2% in 2012-2014 (P < 0.001). Overall, most pregnancies were in women from sub-Saharan Africa (75.3%), over two-fifths were reported in London, nearly threequarters were in parous women, and half were conceived on ART.
Timing of booking for antenatal care
Booking date was reported for 5162 (90.7%) pregnancies. It was less well reported for pregnancies from London compared with the rest of England (P < 0.001), and ART, antiretroviral therapy. Values are n (%). *Group combines the first two groups presented in the table (n = 1601 + 2886) plus 40 pregnancies with missing information on ART status at conception.
better reported for pregnancies in parous women (P < 0.001). Gestational age at booking had a rightskewed distribution, with a median (IQR) of 12.1 (10.0-15.6) weeks. Overall, 42.2% of pregnancies were booked late at ≥ 13 completed weeks: 25.7% at 13-17 weeks, 10.0% at 18-23 weeks, and 6.6% at ≥ 24 weeks. The proportion of pregnancies booked late declined from 44.8% in 2009-2011 to 38.2% in 2012-2014 (P < 0.001), although only in previously diagnosed women. Pregnancies in previously diagnosed women were booked earlier than those in newly diagnosed women at a median of 12.0 (9.7-14.9) weeks compared with 13.1 (10.6-18.0) weeks (P < 0.001), respectively (Fig. 1a,b) ; 39.7% of pregnancies in previously diagnosed women were booked late at ≥ 13 weeks (including 14.2% at ≥ 18 weeks), compared with 51.9% (25.7% at ≥ 18 weeks) in newly diagnosed women (both P < 0.001). In previously diagnosed women, there was no association between gestational age at booking and CD4 count (P = 0.33).
In univariable analyses, maternal region of origin, UK geographical area of report, and parity were significantly associated with late booking in pregnancies to both previously and newly diagnosed women (Table 2) . Additionally, in pregnancies to previously diagnosed women, earlier time period, low antenatal CD4 count and not conceiving on ART were associated with increased odds of late booking.
Both multivariable models included all variables from the univariable analyses, except maternal age and viral load, which did not improve the fit (Table 2 ). In multivariable analyses of pregnancies in previously diagnosed women, late booking was associated with earlier time period, originating from abroad (including European-born women and those from all regions of subSaharan Africa), pregnancy reported from outside London, being parous, not conceiving on ART, and having a low CD4 count. Among pregnancies to newly diagnosed women, late booking was associated with subSaharan African origin (all regions), and higher parity. The odds of late booking were lower for pregnancies reported from elsewhere in England compared with London.
In a sensitivity analysis of the association between being born abroad and late antenatal booking which excluded women known to have arrived in the UK at ≥ 13 gestational weeks (n = 86), the results were little changed and the strong association between African origin and late booking, regardless of timing of diagnosis, remained (data not shown).
Timing of first reported laboratory test (CD4 count or viral load) in pregnancies among newly diagnosed women Information on both antenatal booking date and date of first antenatal laboratory test was available for 1044 pregnancies (89.5%). The laboratory test was on or after the booking date in 908 of 1044 pregnancies; among these, the median time from booking to laboratory assessment was 2.9 weeks (IQR 1.3-5.9 weeks), with over a third (343 of 908) having a lag of ≥ 4 weeks.
Timing of antenatal ART initiation
In almost all pregnancies, women received antenatal ART (99.2%; 5620 of 5666), and in most this was combination Antenatal booking (weeks) Fig. 1 Gestation at antenatal care booking for (a) women diagnosed with HIV prior to that pregnancy and (b) women newly diagnosed with HIV during that pregnancy. .0 (IQR 18.9-24.7) weeks; P < 0.001], a trend apparent for both previously and newly diagnosed women (both P < 0.001). Among women not on ART at conception, the median time from antenatal booking to ART initiation was 7.1 (IQR 2.9-11.1) weeks; 7.3 (IQR 2.6-11.6) weeks in those previously diagnosed and 6.9 (IQR 3.0-10.9) weeks in those newly diagnosed. Among pregnancies to newly diagnosed women, the median gap from laboratory testing to ART initiation was 3. In univariable analyses of factors associated with the timing of antenatal ART initiation (Table 3) , ART was started significantly earlier for pregnancies delivered in the later period compared with [2009] [2010] [2011] , regardless of the timing of HIV diagnosis. Factors associated with shorter time to ART initiation among previously diagnosed women were being reported outside London, having a lower CD4 count and having a higher viral load. There was a similar pattern for newly diagnosed women, but additionally, there were differences according to maternal age and world region of origin, with older women starting ART earlier, and women from Western Africa, in particular, starting later than UK/Irish-born women.
In the multivariable model for pregnancies in previously diagnosed women (Table 3) , later time period remained associated with earlier ART initiation (P < 0.001). Compared with London, ART was started somewhat earlier in the North of England (P = 0.003) and in Wales, Scotland and Northern Ireland (P = 0.035), and women with at least three previous births started later than nulliparous women (P = 0.013). There was some suggestion that those with lower CD4 counts started earlier than those with counts ≥ 500 cells/lL, but this only reached statistical significance for those with counts of 200-350 cells/lL (P = 0.001). Those with viral loads > 30 000 copies/mL started earlier than those with lower viral loads (P < 0.01). There was no evidence that including maternal age or world region of origin improved the fit of the model. In a sensitivity analysis excluding women known to have arrived in the UK after conception (n = 10), the results were little altered.
For pregnancies in newly diagnosed women, the pattern was similar, with ART started earlier in the later period (P < 0.001). Women from Eastern, Western, and Southern Africa started later than those from the UK/Ireland (all P < 0.05), with some evidence that women from Europe did too (P = 0.068). ART was started earlier in all regions/areas of the UK compared with London, although this was only significant for the North of England (P = 0.039). Lower CD4 counts were associated with earlier ART. When pregnancies to women known to have arrived in the UK after conception were excluded (n = 54), similar patterns were observed, although there was less evidence of an association between Eastern or Southern African origin and later ART (P = 0.095 and P = 0.081, respectively), while women from Western Africa remained more likely to start ART later (P = 0.004) (data not shown). Finally, when the model was restricted to women who booked at < 13 weeks, evidence remained that women born abroad initiated ART later than those born in the UK/Ireland. In particular, women from Western Africa started later [adjusted hazard ratio (aHR) 0.50; 95% confidence interval (CI) 
Infant HIV status
HIV status was reported for 3988 infants by the time of this analysis -16 were perinatally infected (half of whom were born to women with a prior diagnosis). Three-quarters of perinatally infected infants (n = 12) were born to women who booked late, 11 of whom were not on ART at conception.
Discussion
During the study period, the vast majority (99%) of women received antenatal ART, median gestation at antenatal ART initiation declined over time, and women with high viral loads started ART earlier, in line with changes to UK recommendations [4] . Longer duration of antenatal ART is associated with a lower risk of vertical transmission of HIV, with a rapid decline in maternal viral load during the first few weeks of ART [1, 11] . The crude vertical transmission rate for deliveries during The multivariable model for pregnancies in women diagnosed during their current pregnancy included 903 observations. ‡ First antenatal measurement in that pregnancy, restricted to measurements prior to ART initiation. § Viral load grouping based on cut-offs used for recommending timing of ART initiation in women not requiring treatment for their own health [4.] 2009-2014 is consistent with the previously published UK rate of 0.46% for 2010/2011 [1] . Although there was a trend towards earlier booking for antenatal care (among previously but not newly diagnosed women), over two-fifths of pregnancies in HIV-positive women were booked at ≥ 13 weeks (38% for 2012-2014), compared with 28% of pregnancies in England overall during 2012-2013 [12] . Later booking among HIV-positive women probably reflects the cultural and sociodemographic characteristics of this population, and these analyses revealed some important demographic variations in the timeliness of antenatal booking and antenatal ART initiation.
Women from sub-Saharan Africa were more likely to book late, irrespective of the timing of diagnosis; being born outside the UK and/or being of non-white ethnicity has been reported as a risk factor for later booking in the general UK population [13] [14] [15] [16] , and also in the NSHPC data [17] . US data show that women of black ethnicity experience poorer antenatal care usage [18, 19] , as does the French Perinatal Cohort [20] . This may in part reflect differing cultural beliefs around antenatal care [21] , as well as possible barriers to accessing care, including lack of knowledge about the health care system and language difficulties [13, 22] . Culturally appropriate promotion of antenatal care services among ethnic minority women in the UK is one approach that may be beneficial [23] . Newly diagnosed women born abroad also started ART later than those born in the UK/Ireland (there was no such association among those previously diagnosed), and this was particularly apparent among women from Western Africa. This association persisted in several sensitivity analyses, indicating that it was not simply related to women arriving in the UK late in pregnancy, nor just a reflection of late presentation for antenatal care. In previously diagnosed women, late booking was more common outside London, whereas for newly diagnosed women, late booking was more common in London. Reasons are unclear but may reflect the likely greater concentration of newly arrived migrants in London who may have particular difficulties accessing health care.
Current UK standards state that positive HIV results should be received by maternity services within 10 working days of the sample being taken and the result given to women within 10 days of this, and that there should be 'urgent' referral to the HIV specialist team thereafter [24] . Although a majority of newly diagnosed women had prompt laboratory assessment, over a third had a gap of ≥ 4 weeks between booking and laboratory assessment. Taking date of laboratory assessment as a proxy for first appointment with the HIV specialist team, the finding suggests that this is an area of practice that may need improving. It is, however, encouraging that, on the whole, newly diagnosed women started ART reasonably promptly with respect to current UK guidelines [4] . Those with lower CD4 counts started ART significantly sooner, and those with lower CD4 counts or high viral loads had shorter gaps from laboratory testing to ART initiation. Looking forwards, there is a move towards recommending earlier ART initiation. UK treatment guidelines are being revised, and are likely to recommend ART initiation regardless of CD4 count in light of the results of the Strategic Timing of AntiRetroviral Therapy (START) trial [25] ; pregnancy guidelines are consequently expected to change. Recently updated US pregnancy guidelines state that ART should be considered as soon as HIV is diagnosed [26] .
Higher parity was associated with later booking (most notably among previously diagnosed women), a trend also observed in the general UK population [13, 15, 27] . Previously diagnosed women with at least three previous births also started ART later. Reasons are likely to be complex. Different solutions may be required for women who start ART late as a consequence of delayed booking for antenatal care, and those who book for care in good time but experience subsequent delays in ART initiation. An audit of women in the NSHPC who received no antenatal ART or a short duration of ART reported that, among those previously diagnosed, declining treatment was the most common reason (11 of 15; 73%) [28] .
Women with a prior HIV diagnosis, many of whom will have been diagnosed during a previous pregnancy [29, 30] , should be receiving ongoing HIV care, which might be expected to facilitate early ART initiation in subsequent pregnancies. However, we have previously demonstrated that retention in HIV care after delivery may be suboptimal, with two-fifths of women presenting with a second pregnancy not being on treatment despite an immunological indication [31] . Women not on ART at conception booked later than those conceiving on treatment, which is of concern as timely booking and prompt referral to HIV services are needed, especially for those with low CD4 counts. Higher levels of loss to follow-up from HIV care have been reported among people not receiving treatment [32] , and disengagement from services may have particularly serious consequences for pregnant women. Although antenatal ART was started earlier in previously diagnosed women with lower CD4 counts, in adjusted analyses there was little difference in ART timing between those with the lowest CD4 counts and the healthiest women. This suggests that there may be a group of high-risk women who are poorly engaged with care and/or suboptimally managed. It should also be borne in mind that, although women with a CD4 count < 350 cells/lL should be on ART at conception, those who are not may have concerns about initiating ART early in pregnancy because of fears of teratogenicity.
There are some limitations to this analysis. Women cannot book for antenatal care in the UK before they have entered the country. Although the NSHPC collects date of arrival in the UK, this information was completely missing for around one-third of women born abroad. Even among those with information reported, over half had only year of arrival (not actual date) provided, so it was not appropriate to utilize this variable in the main analyses; instead, the effect of timing of arrival on the findings was assessed in sensitivity analyses. Week of antenatal booking was missing for 9% of women (81% of whom had a prior HIV diagnosis). Although only a small minority of this group did not start ART before delivery (3.3% of those not conceiving on treatment), this was higher than for women who booked at < 13 weeks (1.1%). Some of those with missing booking date may represent a particularly highrisk group requiring targeted interventions to help them engage with services. Meanwhile, earliest laboratory test date during current pregnancy is likely to be the date on which the sample was taken, although a minority of NSHPC respondents may report other dates, such as the date on which the result was reported from the laboratory. There may have been unadjusted confounding as a result of some variables (e.g. socioeconomic factors) not being available in the NSHPC, which has to limit data items collected to maximize reporting. Where delays in ART initiation were apparent, it was not possible to assess to what extent these were health system-or provider-related, structural (socioeconomic environment), or related to women's individual circumstances, beliefs and choices. Further exploration of this would be helpful, but is beyond the scope of this analysis.
These analyses, based on comprehensive national data, demonstrate significant improvements in the timeliness of antenatal care booking and antenatal ART initiation in the UK in recent years. However, they also reveal some important demographic variations in access to or uptake of care and highlight the fact that some groups of HIVpositive women continue to face barriers to timely initiation of antenatal care and ART.
